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@) Exposure apparatus and device manufacturing method. 

@ A projection exposure apparatus includes a 
projection optical system for projecting a pat- 
tern of a first object (5) onto a second object , 
(8) ; a laser source (1) ; an optical integrator (3) 
for forming a secondary light source from the 
laser source (1) ; and a condenser optical sys- 
tem (4) comprising cylindricat lenses (4a,4b) for 
imaging the secondary tight source behind the 
first object (5) at difTerent points on optical axis 
pC) in the X-Y and X-Z planes. 
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FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a projection ex- 
posure apparatus and a device manufacturing metlv- 
od for manufactunng various devices using the pro- 
jection exposure apparatus, usable for manufacturing 
a semiconductor device such as tC or LSI, a display 
device such as liquid crystal panel, a magnetic head 
or the like. 

Recently, the density of the semiconductor de- 
vice such as IC or LSI is acceleratedly increased, and 
the resultant development for the fine processing for 
a semiconductor wafer is also remarkable. The pro- 
jection exposure technique which is the key part of the 
fine processing, is under development for increase of 
the resolutton to torn an image of a dimenston not 
more than 0.5 |im. The increase of the resolutton is di- 
rected, in the projection exposure optical system, is 
directed to increase of NA (numerical aperture) or de- 
crease of the wavelength of the exposure beam. 

With the decrease of the wavelength of the ex- 
posure light the transmissivity of the glass material 
decrease, and therefore, the kinds of the glass mate- 
rial usable for the projectk>n optical system decreases 
in the number. When the number of kinds of the glass 
material, the correction of the chromatic ak>erration 
becomes dif f teult, and therefore, it is desired to re- 
duce the wavelengths band wkfth of the light source 
to such an extent that the resultant chromatic aberra- 
tion is negligibly small. For example, in the projection 
optical system using the light having a wavelength of 
300 nm or less, the usable glass materials are quartz 
and fluorite, and the light source provkies narrow 
band laser beam. When a laser is used as a light 
source, a plurality of spots are formed on a pupil of 
the projection optical system from a single spot to 
which the laser beam is condensed, since the laser 
beam has high directivity. The energy density is very 
high in the spot, and when an optical element is dis- 
posed at this position, the glass material or coating 
thereof is deteriorated by the laser spot, or damaged 
by long term illuminatk>n. If this occurs, the transmis- 
sivity of the glass material decreases, and the prop- 
erty of the coating is changed. In order to avoid this 
problem, it would be considered that the lens or a con- 
cave mirror is not disposed adjacent the pupil plane 
of the projectk>n optical system. 

IHowever, when the NAof the optical system is In- 
creased for the purpose of Increasing the resolution, 
or when the size of the field of the image increased, 
with the result of increase of the numt>er of lenses 
constituting the optical system, it isdiff toultto provide 
a space without an optical element in the neighbor- 
hood of the pupil plane. 

SUMMARY OF THE INVENTION 

Accordingly, it Is a principal object of the present 



invention to provide a projection exposure apparatus 
and a device manufacturing method using the same 
in which the density of the energy of the laser beam 
condensed in the optical system can be reduced. 
5 According to a first aspect of the present inven- 

tk)n. there is provided a projection exposure appara- 
tus and a device rr^anufacturing method including a 
projection optical system for projecting a pattern of a 
first object onto a second object, and an illumination 
10 system for illuminating the pattern on the first object, 
wherein the illumination optical system includes a las- 
er beam source and an illumination optical system for 
illuminating the surfece of the first object with the 
beam from the laser source and for condensing the 
15 light beam from the laser source at different plural 
positk>ns in the optical axis direction of the projection 
optical system, behind the first object plane. Thus, the 
surface of the first object is illuminated with the laser 
t>eam, and the laser beam is condensed at the posH 
20 tk)ns different in the optical axis direction of the pro- 
jection optical system, and therefore, the laser beam 
does not form a spot adjacent the pupil plane, thus re- 
ducing the energy density of the laser beam so that 
the durability of the apparatus is improved. 
25 According to a second aspect of the present in- 

ventkm, there is provided a projection exposure ap- 
paratus comprising: a projection optical system for 
projecting a pattern of a first object onto a second ot>- 
ject; a laser source; an optical integrator for forming 
30 a secondary light source from the laser source; and 
a condenser optical system for imaging the second- 
ary light source behind the first object at positions dif- 
ferent in a direction, of an optical axis with respect to 
two different directions to illuminate the f iret object 
35 therewith. 

The surface of the first object is illuminated by the 
beam from the secondary light source, and the beam 
from the secondary light source is focused at posi- 
tk>ns different in the optical axis direction in two dlf- 
40 ferent direction, t>ehind the first object surface, by the 
condenser optical system. Since the surface of the 
f iret object is illuminated by the beam from the sec- 
ondary light source of the optical integrator, and 
therefore, the first object surface can be illuminated 
45 with uniform illumination intensity. In sujdition, the 
laser beam is prevented from forming a spot adjacent 
the pupil plane. Thus, the energy density of the laser 
beam is reduced, and therefore, the durability of the 
apparatus is improved. 
50 According to a third aspect of the present inven- 

tk>n, there is provided a projection exposure appara- 
tus comprising: a projection optical system for pro- 
jecting a pattern of a first object onto a second object; 
a laser source; an optical integrator for forming a sec- 
55 ondary light source from rays of the laser source; a 
condenser lens for illuminating the first object with 
rays from the secondary light source; wherein the 
optical integrator comprises a plurality of lenses dis- 
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posed such that rear focus positions are a predeter- 
mined distance away from each other in two orthogo- 
nal directions, wherein the rays are condensed be- 
hind the first object at positions different in a direction • 
of an optical axis in the two directions through the 
condenser optical system. 

According to this feature, the surface of the first 
object is illuminated by the beam from the secondary 
light source of the optical integrator, and therefore, 
the surface of the ob^ct can be illuminated with uni- 
form illumination intensity. By preventing spot fomia- 
tion of the laser beam adjacent the pupil plane, the 
energy density of the laser beam is reduced, so that 
the durability of the apparatus is increased. Addition- 
ally, since the plural light sources for providing the 
secondary light source has a linear configuration, it Is 
effective to form an illumination area in the form of a 
slit 

According to a fourth aspect of the present inven- 
tion, there is provided a projection exposure appara- 
tus and a device manufacturing method, including a 
projection optical system for projecting a pattern of a 
first object onto a second object, and an illumination 
system for illuminating the pattern on the first object, 
and the illumination system includes a laser light 
source as a light source, and an illumination optical 
system or condensing the beam from the laser source 
at positions different in the optical axis direction of the 
projection optical system to illuminate the first object 
surface, wherein a beam condensing position in a di- 
rection perpendicular to the scanning direction is on 
the pupil plane of the projection optical system, 
whereas the condensing position in a plane including 
the scanning direction is deviated from the pupil pos- 
ition of the projection optical system. In the plane in- 
cluding the scanning direction, the condensing posi- 
tion of the laser beam is deviated from the pupil plane 
of the projection optical system. The illumination 
beam (image formation beam) will be deviated (tilted) 
depending on the image height, tHJt adjacent the opt- 
ical axis of the projection optical system (in front of 
and at the back of the optical axis in the scanning di- 
rection), the scanning exposure is effected, by which 
the deviation of the illumination beam in the scanning 
directbn is made even, so that the exposure can be 
effected without the deviation of the beam. 

According to a fifth aspect of the present inven- 
tion, the third aspect is improved in that a rear focus 
position in a direction perpendicular to the scanning 
direction of the optical integrator constituted by a plur- 
ality of lenses disposed such that the rear focus pos- 
itions are deviated through a predetermined distance 
in the optical axis direction, in orthogonal two direc- 
tions, is optically conjugate with the pupil plane of the 
projection optical system, and the rear focus position 
in the scanning direction is not in optical conjugation 
with the pupil plane of the projection optical system. 
In the plane including the scanning direction, the inrv 



age position of the secondary light source provided 
by the optical integrator is deviated from the pupil 
plane of the projection optical system. Therefore, the 
illumination beam (imaging beam) is deviated (tilted) 
. 5 depending on the image height The deviation can be 
made even in the scanning direction by effecting the 
scanning exposure adjacent the optical axis of the 
projection optical system (in front of and at the back 
of the optical axis in the scanning direction), by which 
10 the exposure is possible with the beam without the 
deviation. 

According to a sbcth aspect of the present inven- 
tion, there is provided a projection exposure appara- 
tus and a device manufacturing method, which in- 

15 dudes a projection optical system for projecting the 
pattern on the first object onto the second object and 
an illumination system for illuminating the pattern of 
the first object, and the illumination system includes 
a laser source, and an illumination optical system for 

20 condensing the light beam from the laser source at 
positions different In the direction of the optical axis 
of the projection optical system t>ehind the first object 
to illuminate the first object surfoce with the laser 
beam from the laser source, and the illumination opt- 

25 icat system is effective to condense the beam from 
the laser source at a position of the pupil plane of the 
projection optk:at system and a positk>n deviated 
therefrom. By doing so, the energy density of the las- 
er t>eam can t>e increased by avoiding the spot forma- 

30 tion adjacent the pupil plane, thus improving the dur- 
ability of the apparatus. Additionally, the reduction of 
the imaging perforrrtance is avoided by placing one 
condensing position iat the pupil plane. 

According to a seventh aspect of the present in- 

35 vention, there is provided a projectton exposure ap- 
paratus and a device manufacturing method, which 
comprises a projection optical system for projecting a 
pattern of a first object onto a second object and an 
illumination system for illuminating the pattern of the 

40 first object, and the illumination system Includes a 
laser source and an illumiriation optical system for 
condensing the light beam from the laser source at 
positions different In the direction of the optical axis 
of the projectk)n optk:al system, behind the first ot>- 

45 ject surface to illuminate the surface of the first object 
with the beam from the laser source. By doing so, the 
spot formation of the laser beam is prevented adja- 
cent the pupil plane, thus decreasing the energy den- 
sity of the laser beam, by which the durability of the 

so apparatus is improved, and by using an illumination 
optical system producing astigmatism, by which the 
beam from the light source is condensed into a linear 
shape at different positions, thus further reducing the 
energy density. 
55 According to an eighth aspect of the present in- 

vention, the sixth and the seventh aspect are further 
improved in that the first ami the second objects are 
scanned by the laser t>eam from the laser source so 
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that each part of the pattern of the first object is se- 
quentially projected onto the second object, and an il- • 
lumination optical system condenses the light from 
the laser source at a position of the pupil plane in a . 
plane including the optical axis and a direction per- 5 
pendicular to the scanning direction, and condenses 
the light f ronr> the laser source at a position away from ' 
the pupil plane in a plane containing the optical axis 
and the scanning direction. By doing so, the energy 
density of the laser beam can be reduced without re- io 
duction of the imaging performance. 

These and other objects* features and advantag- 
es of the present invention will become more appa- 
rent upon a consideration of the following description 
of the preferred embodiments of the present inven- is 
tion taken in conjunction with the accompanying 
. drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

'■ 20 

Figure 1 illustrates an apparatus according to a 
first embodinrtent of the present invention in an XY 
plane. 

Rgure 2 shows the same In ZX plane. 

Figure 3 shows a pupil plane of the projection opt- 25 
ical system according to the first emt>odiment and an 
image of a secondary light source at a position a pre- 
determined distance away from the pupil plane. 

Figure 4 illustrates a second embodiment in XY 
plane. so 

Rgure 5 illustrates the second embodiment in ZX 
plane. 

Figure 6 illustrates a system according to a third 
emt)odiment in XY. plane. 

Rgure 7 illustrates the system' of the third enrv 35 
bodiment in ZX plane. 

Rgure 8 shows an example of a projection optical 
system using refraction optical system according to 
an embodiment of the present invention. 

Rgure 9 shows an example of a projection optical 40 
system using reflection and refraction optical system 
according to an embodiment of the present invention. 

Figure 1 0 is a flow chart for manufacturing a senr>- 
iconductor device. 

Rgure 11 is a flow chart of wafer processing in 45 
Figure 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

Figures 1 and 2 schematically show a projection 
exposure apparatus usable for manufacturing semi- 
conductor devices such as IC or LSI, image pickup 
device such as CCD, a display device such as liquid 
crystal panel, a magnetic head or the like, according 55 
to a first embodiment of the present invention. In Fig- 
ures 1 and 2, the direction of the optical axis is repre- 
sented by "X", and Figure 1 is a view in an XY plane. 



and Figure 2 shows the same in ZX plane. 

In Figure 1, a sut)stantially collimated laser beam 
emitted from the laser source 1 is incident on a device 
2 for making the beam incoherent In the devtee 2, the 
shape of the laser beam emitted from the laser source 
1 is reformed to much the shape of the optical integra- 
tor 3, and divide or scan the laser beam so that no 
speckle pattern or another interference fringes, are 
formed on the wafer 8. The light passing through the 
device 2 incident on the optical integrator 3 and is 
divided into a number of light beams thereby, into a 
number of scattering beams. In other words, the light 
emitting surface of the optical integrator 3 functions 
as a secondary light source, and a number of scan- 
ning beams from the secondary light source is inci- 
dent on a condenser lens 4, which in turn are overlaid 
on the reticle 5 to effect uniform illumination. 

The condenser leps 4 comprises a cylindrical lens 
4a and 4b. In the XY plane, the lens 4a has a refrac- 
tion power, but the lens 4b has no refraction power in 
this plane. The light rays from the secondary light 
source are overlaid on the surface, to be illuminated, 
of the reticle 5 by the condenser lens 4a. At this time, 
if the projection optical system 6 is a telocentric opt- 
ical system, the principal ray of the illuminatk>n is in- 
ckient on the retide 5 in the form of afbcal light, and 
forms an image of the secondary light source in the 
XY plane on a pupil plane 7 of the projection optical 
system 6. The retide 5 has a drcuit pattern of a serrv 
iconductor device to be transferred onto the wafer 8, 
so that the projectk>n optical system 6 forms an image 
of the drcuit pattern on the wafer 8, and therefore, the . 
pattern image is transferred thereonto. 

Rgure 2 is a view in ZX plane (as seen perpendi- 
cularly to the sheet of the drawing of Rgure 1), and 
the lens 4a of the condenser lens 4 is a cylindrical lens 
not having a refraction power in the XY plane, but it 
has a refraction power in the ZX plane. The light rays 
from the secondary light source in the emitting side 
surface of the optical integrator 3 are overlaid on the 
retide 5 by the condenser lens 4b. The condenser 
lens forms an image of the secondary light source in 
the ZX plane at a position B away from the pupil plane 
7 of the projection optical system 6 by a pMredeter- 
mined distance. Each prindpal ray of the illumination 
light incident on each point on the retide 5, is parallel 
in the XY plane of Rgure 1, but is indtned at a prede- 
termined angle toward the optical axis in the ZX plane 
of Rgure 2, so that the light is converged as shown in 
the Figure. 

Figures 3A and 3B show innages of the light 
source in a plane perpendicular to the optical axis at 
a position A at the pupil plane 7 (aperture position) of 
the projection optical system 6 and at a position B 
away from the position A. in Figure 3A. the light from 
the optical integrator 3 is converged in Y direction, but 
is diverged in the Z direction in a predetermined de- 
gree. On the other hand, in Figure 3B, it is converged 
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in the Z direction but is diverged in the Y direction. , 
contrary to Figure 3A. The shapes of the secondary 
light source formed In the projection optical system 6 
shown in Rgures 3A and 3B. are dependent on the 
structure of the shape of the optical integrator 7 and • 5 
the structure of the device 2. 

As descrit>ed, the projection exposure apparatus 
of this embodiment uses aii anamorphic Illumination 
optical system having different focal length in ortho- 
gonal two directions so that the astigmatism is provid- 10 
ed for the formation of images of the secondary light 
source within the projection optical system, by which 
linear spots are formed at positions A and B. Thus, no 
spot is formed at any position in the projection optical 
system 6 by the light from the laser source, thus is 
avoiding occurrence of high energy density projeo- • 
tion. Therefore, the durability of the optical system 6 
and therefore the apparatus is increased. This advan- 
tageous effect is provided in the other embodiments 
of the present invention. 20 

Rgures 4 and 5 illustrate a projection exposure 
apparatus usable for nrwinufacturing devices such as 
a semiconductor device such as IC or LSI, an image 
pickup device such as CCD, a display device such as 
a liquid crystal device, a magnetic head or the like, ao- 25 
cording to a second embodiment of the present inven- 
tion. In this embodiment the scanning operatk>n Is ef- 
fected In the direction Indicated by an arrow in Figure 
5 in synchronism with the reticle 5 and the wafer 8. so 
that the wafer 8 Is exposed thrckjgh the pattern of the 30 
retkde 5. Therefore, the present inventk>n Is applied 
to a scanning type exposure apparatus. 

In the scanning type exposure apparatus, the 
shape of the illuminatton area on the wafer and on the 
retide 5, is slit-like. The optical integrator 3 is con- 35 
structed by a cylindrical lens or the like having differ- 
ent refraction power in the orthogonal two directions 
perpendicular to the optical axis, by which a plurality 
of slit-like light source is formed on the secondary 
light source surface. The longitudinal directions of the 40 
slit light source and the illumination area are made the 
same, by which the illumination area can be illumin- 
ated efficiently by the slit-like light 

In this embodiment the optical integrator 3 is 
constituted by cylindrical lenses 3a and 3b. The cyl- 45 
Indrical lens 3a has a refraction power in XY plane, 
and the light is collimated by a condenser lens 4a to 
illuminate In the longitudinal direction the slit like illu- 
mination area of the retide 5. On the other hand, a cyl- 
indrical lens 4b has a refraction power in a ZX plane, so 
and the condenser lens 4b is effective to illuminate 
the slit-like illumination area in a width (scanning di- 
rectton). 

In Figure 4, the secondary light source formed on 
the emitting surface of the optbal integrator 3 is 55 
formed on a pupil plane of the projectton optical sys- 
tem 6 by the condenser lens 4a in the XY plane. 

In Figure 5, there is shown a positional relation- 



ship between the secondary light source and the pu- 
pil plane of the projection optical system 8 in the ZX 
plane induding the scanning direction. In the ZX 
plane, the emitting surface of the optical integrator 3 
is Imaged at a position C which is predetermined dis- 
tance away from the pupil plane 7 in the optical axis 
direction, by the condenser lens 4b. The Image of the 
secondary light source on the pupil plane 7 In Figure 
4 has the same distributbn as shown in Figure 3A, 
and the image of the secondary light source at a pos- 
ition C in Figure 5, as the same distribution as in Fig- 
ure 38, In embodiment 1, so that there Is no high en- 
ergy density position resulting from converged spot 
image. 

I n Rgure 5, if it is assumed that the projection opt- 
ical system 6 is telocentric at a light emitting side (wa- 
fer 8 skie), the prindp^al ray is incident with an angle 
relative to the optical axis at posittons D and E on the 
wafer. Generally, when the principal ray is incident 
with indination, the size of the image changes if the 
wafer 8 exposed with defocusing. However, in the 
emt>odiment of Rgure 5, the sequential exposure is 
carried out while scanning in the direction of the ar* 
row, and therefore, the ind ination of the principal ray 
is unifcMTned by the scanning exposure from a posi- 
tion D to a posltkm E, and therefore, the 6ize of the 
innage rennains the same despite the defocusing. 

Accordingly, when the present invention Is used 
in the scanning type exposure apparatus, it is desir- 
able that the secondary light source is imaged on the 
pupil plane of the projectk>n optical system in a plane 
induding the optical, axis directk>n and a longitudinal 
directk>n of the slit (perpendknilar to the scanning di- 
rectk>n), and the Image of the secondary light source 
is formed at a position a predetermined distance away 
from the pupil plane of the projectbn optical system 
in a plane induding the scanning direction and the 
optk»l axis direction. 

Figures 6 and 7 show a projectfon exposure ap- 
paratus usable for manufacturing devices such as a 
semiconductor device such as IC or LSI, an image 
pickup device such as CCD, a display device such as 
liquid crystal panel, a magnetic head or the like. The 
structures of the exposure apparatus are sut>stantial- 
ly the same as in the first and second emkxxJIments, 
and therefore, only the optical system downstream of 
the opttoal integrator 3 is shown, in this emt>odiment 
the condenser lens 4 in the illumination system com- 
prises a rotation symmetry lens having uniform re- 
fractfon power. The optk:al integrator 3 comprises a 
plurality of cylindrical lenses 3a and 3b so that the 
rear focus positions are deviated from each other in 
the direction of the optical axis by a predetermined 
distance, in orthogonal two directions. 

Figure 6 is a view as seen in XY plane of the ap- 
paratus according to the third embodiment of the 
present invention. In Figure 6, the optical integrator 
3Ais in the form of a group of cylindrical lenses having 
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refraction powers in the XY plane to converge the las- 
er beam from the laser source 1 at a rear focus pos- • 
Ition F. The optical integrator 3b does not have a re- 
fraction power in the XY plane» and is constituted by , 
cylindrical lenses overlaid in the direction perpendic- 5 
ular to the sheet of the drawing. The condenser lens 
4 has a focal length fc, and the projection optical sys- • 
tern 6 is telecentric relative to the object (reticle) side. 
In this case, the rear focus position F is a distance fc 
away from the condenser lens 4. In this case, the sec- io 
ondary light source formed at the position F is formed 
on the pupil plane 7 of the projection optical system 
in the XY plane. 

Figure 7 Is a view as seen in ZX plane of the ap- 
paratus of the third emt)odiment The optical Integra- is 
tor 3b has a refraction power in ZX plane, and the las- 
er t>eam is condensed at a position of the rear focus ' 
position F' to form a secondary light source there. 
The rear focus position P is (fc + X) away from the . 
condenser lens. Therefore, the secondary light 20 
source in the ZX plane Is imaged at a position a pre- 
determined distance (xp) away from the pupil plane 
7 of the projection optical system 6. Here, the follow- 
ing is satisfied: 

xp = (fl/fc>2xX 25 
where f i is a focal length of the lens group 6a in front 
of the projection optical system 6. 

Similarly to the first and second emkxxllments, 
the image of the secondary light source in the pupil 
plane 7 of the projection optical system 6 in Figure 6 30 
is slit-like in the third embodinrient, too. Additionally, 
the secondary light source image at the Image posi- 
tion adjacent the pupil plane 7 in the ZX plane in Fig- 
ure 7, is a slit-like, as shown in Figure 3B. Therefore, 
the laser beam is not condensed into'a spot in the pro- 35 
Jectk>n optical system 6. 

When the third embodiment is used for a scan- 
ning type projection exposure apparatus in which the 
wafer 8 is scanned and exposed to the circuit pattern 
on the reticle 5 in synchronism therewith, the scan- 40 
ning directton is selected to t)e in accord with Z direc- 
tion, by which the illumination light is uniformed with 
the result that the exposure can k>e effected with uni- 
form light. 

Figure 8 shows an example of a projection optical 45 
system used in the first, second and third emtKxii- 
ments. In this example, nine lenses 61 - 71 are used, 
and the pupil plane (aperture) 7 is in proximity with 
the lens 66. 

Figure 9 shows another example of a projection so 
optical system 6 usable with the first, second and 
third embodiments. The optical system shown in Fig- 
ure 1 0 comprises lens groups 1 01 and 1 04, a concave 
mirror 103, and a beam splitter 102, which constitute 
a reflectk>n and refraction optical system. 55 

The light from the reticle 5 passes through the 
lens group 101 and the t>eam splitter 102 and is then 
reflected by the concave mirror 103. The light reflect- 



ed by the concave mjnror 103 is further reflected by 
the beam splitter 102 and is condensed on a wafer 8 
by the lens group 104, so that the pattern of the reticle 
5 is imaged on the wafer 8, in this optical system, the 
pupil plane (aperture plane) 7 is substantially in ac- 
cord with the position of the concave mirror. In the 
projection optical system, the optical path is not fold- 
ed by mirror or the like, but it is possible to fold the opt- 
ical path using a mirror or mirrors. 

According to the foregoing embodiments, the 
spot-like condensatfon of the laser beam can be 
avoided in a projection optical system in an exposure 
apparatus using a high directivity such as a laser, and 
therefore, the durability of the optical elements at or 
adjacent the pupil plane, for example, against the las- 
er beam can be improved. 

The descriptfon will be made as to an embodi- 
ment of device manufacturing method using the scan- 
ning exposure apparatus. Figure 10 is a flow chart of 
manufocturing semiconductor devices such as IC, 
LSI or the like, or devices such as liquid crystal panel 
or CCD or the like. At step 1, (circuit design), the cir- 
cuits of the semiconductor device is designed. At step 
(mask manufacturing) 2, the mask (retksle 304) hav- 
ing the designed drcuit pattern is manufactured. On 
the other hand, at step 3, a wafer (306) is manufac- 
tured using the proper material such as silicon. Step 
4 (wafer processing) is called pre-step, in which ac- 
tual circuit pattern is formed on a wafer through litho- 
graphic technique using the prepared mask and wa- 
fer. At step 5 (post-step), a semiconductor chip is 
manufactured from the wafer subjected to the opera- 
tions of step 4. The S;tep 5 includes assembling steps 
(dicing, bonding), packaging step (chip sealing) or the 
like. At step 6 (inspection), the operation of the sem- 
kx)nductor device manufoctured by the step 5 is in- 
spected, and durability test thereof is carried out. In 
this manner, the semiconductor device is manufac- 
tured and delivered at step 7. 

Figure 11 is a flow chart of detailed wafer proc- 
essing. At step 1 1 (oxidatk>n), the surface of the wafer 
is oxidized. At step 12 (CVD), an insulating film is 
formed on a surface of the wafer. At step 1 3 ^elec- 
trode fonmatfon), an electrode Is formed on the wafer 
by evaporation. At step 14 (ton injection), the ton Is inr>- 
plenr^ented into the wafer. At step 15 (resist process- 
ing), a photosensitive material is applied on the wafer. 
At step 16 (exposure), the circuit pattern of the mask 
(reticle 304) is projected onto the wafer by the above- 
described exposure apparatus. At step 17 (develop- 
ment), the exposed wafer is developed. At step 18 
(etching), the portion outside the resist inr^ge are re- 
moved. At step 19 (resist removal), the resist is re- 
moved after the etching. By repeating the at>ove- 
described steps, overlaid circuit patterns are formed 
on the wafer. 

According to the manufacturing method accord- 
ing to the emt>odiments of the present invention, the 
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integratton density can be improved. 

While the invention has been described with ref- 
erence to the structures disclosed herein. It is not 
confined to the details set forth and thfe application 
is Intended to cover such modifications or changes as 
may come within the purposes of the improvements 
or the scope of the following claims. 



Claims 



An apparatus according to Claim 1» wherein the 
condenser optical system has refraction powers 
different in orthogonal directions. 
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1. A projection exposure apparatus comprising: 

a projection optical system for projecting a 
pattern of a first object onto a second object; 

a laser source; is 
an optical integrator for forming a second- * 
ary light source from said laser source; and 

a condenser optical system for imaging 
the secondary light source behind the first object 
at positions different in a direction of an optical 20 
axis with respect to two different directions to il- 
luminate the first object therewith. 
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3. An apparatus according to Claim 1, wherein the 
first object and the second object are scanned 

with tight, and an image of the secondary light 30 
source is formed' adjacent a pupil of said projec- 
tion optical system, and the image position in a 
direction perpendicular to the scanning direction 
is substantially In accord with the pupil, and the 
image position in the scanning direction is a pre- 35 
determined distance away from the pupil of the 
projection optical system in the direction of the 
optical axis. 

4. An apparatus according to Claim 1, wherein the 40 
optical Integrator comprises a plurality of lenses 
each having different refraction powers in two or- 
thogonal directions. 

5. A projection exposure apparatus comprising: 45 

a projection optical system for projecting a 
pattern of a first object onto a second object; 
a laser source; 

an optical integrator for forming a second- 
ary light source from rays of the laser source; so 

a condenser lens for illuminating the first 
object with rays from the secondary light source; 

wherein said optical integrator comprises 
a plurality of lenses disposed such that rear focus 
positions are a predetermined distance away 55 
from each other in two orthogonal directions, 
wherein the rays are condensed behind the first 
object at positions different in a direction of an 



optical axis in the two directions through said 
condenser optical system. 

6. An apparatus according to Dalm 5. wherein the 
first object and the second object are scanned 
with the rays, wherein rear focus positions of said 
optical Integrator -in a direction perpendicular to 
the scanning direction is In optical conjugation 
with a pupil of said projection optical system. 

7. A projection exposure apparati^ comprising: 

a projection optical system for projecting a 
pattern of the first object onto the second object; 

an illumination system fbr illuminating the 
second object with the pattern of the first object; 

wherein said illumination system compris- 
es a laser source, and condenses rays from the 
laser source at positioiis different in the direction 
of the optical axis of said projection optical sys- 
tem behind the first object to Illuminate the first 
object therewith. 

8. An apparatus according to Claim 7, wherein said 
illumination optical system condenses the rays at 
the pupil of the projection optical system and at 
a position away from the pupil In the direction of 
the optical axis. 

9. An apparatus according to Claim 7, wherein said 
illumination optical system produces astignr^ 
tism. 

10. An apparatus according to Claim 8, wherein the 
first and second objects are scanned with light, 
the rays are condensed at the pupil in a plane in- 
cluding a direction perpendicular to the scanning 
direction and the optical axis, and at a position 
away from the pupil in a plane including the scan- 
ning direction and the optical axis. 

11. An optical system for imaging a source at differ- 
ent positions along the optical axis In different 
planes. 

12. A projection exposure apparatus having an opti- 
cal system in accordance with daim 11 . 

13. A device manufecturing method comprising a 
step of projecting a device pattern of the first ob- 
ject onto the second object using projection ex- 
posure apparatus as defined In any one of dainns 
1 to 10 and 12 and/or an optical system as de- 
fined in claim 11. 
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FIG. 3 
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